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Abstract: This article analyses the development of technology capabilities in the manufacturing sector of Mexico during the last two decades. It 
has been argued that the inclusion of Mexico in the North America Free Trade Agreement (NAFTA) in 1994 would be enough to catch up with 
Canada and the United States. In this regard, trade liberalisation and foreign direct investment (FDI) would have been two strategic tools to close 
the technology gap between Mexico and its commercial partners in North America. Yet, after twenty years of NAFTA, it has been demonstrated 
that many indigenous firms in Mexico must develop an absorptive capacity to benefit from FDI. This paper suggests that the debate on the Asian 
miracle in the 1990s could be an adequate theoretical framework to discuss technology development and industrialisation in the case of emerging 
economies. In fact, this debate reveals two alternative approaches to explain the development of technology capabilities: (i) the accumulation view 
of growth, and (ii) the assimilation view of growth. Therefore, the Asian miracle exemplifies how entrepreneurship, learning and a supporting 
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1. Introduction
Recent events in the world economy should be affecting the inter-
national business environment to a more protectionist trade system. 
In North America, for example, latest political changes in the United 
States mean the possibility of negatively affecting commercial flows 
and foreign direct investment (FDI) in the next years. These changes 
in the commercial policy of the United States are in opposition to 
the free trade principles of the North America Free Trade Agreement 
(NAFTA). Particularly, in the case of Mexico, NAFTA has meant the 
possibility of catching up with its North American partners to access 
modern technologies and to develop a more competitive economy. 
However, the results achieved in the North America region are con-
troversial in that there is not convergence between Mexico and other 
NAFTA countries (Blecker, 2003, 2014; Hartman, 2010; Weisbrot et 
al., 2014). Indeed, it remains deep differences between Mexico and its 
North American partners in relation to per capita income, creation of 
new jobs, long-term increases in productivity, and so forth (Blecker, 
2014; Weisbrot et al., 2014).
The rational of FDI in Mexico during the last twenty years has been 
the belief that it would generate externalities in the form of inter-
national technology transfer (Aitken and Harrison, 1999). In this 
regard, it has been suggested these externalities would be allocated 
in the form of technology capacity in domestic markets. Typically, 
technology transfer externalities would derive from firm-specific 
knowledge of foreign firms given that indigenous firms would be ex-
posed to new products, production, marketing, and technical support 
(Aitken and Harrison, 1999; Behera, 2015; Erdal and Göçer, 2015). In 
addition, some scholars have pointed out the importance of foreign 
firms’ nontangible assets as a means of increasing productivity among 
indigenous firms (Aitken and Harrison, 1999).
From a different perspective, the Economic Commission for Latin 
America and the Caribbean (ECLAC) has stressed the importance 
of FDI in Latin American countries during last decades (ECLAC, 
2015). Accordingly, ECLAC mentions that FDI in Latin American 
countries has complemented the resources needed to ensure an ade-
quate rate of economic growth. This report indicates that Brazil and 
Mexico have been the main countries receiving inward FDI in Latin 
America during the last decades (ECLAC, 2015). Specifically, in the 
case of Mexico, Paul Krugman said that even if inward FDI sharply 
increased in this country since the 1990s, the ‘Mexican Miracle’ has 
disappointed many people given that trade liberalisation has not been 
enough to achieve a better technological performance in Mexico (Sal-
daña, 2015). In the same way, Lederman and Maloney (2006) have 
pointed out that NAFTA has not been enough to close the technology 
gap between Mexico and its commercial partners in North America. 
Also, other scholars have suggested that in the case of many emerging 
economies, there are other important factors needed to successfully 
acquire and absorb new technologies from abroad (Dahlman, 1994; 
Hobday, 1995; Kim, 1998; Pack and Nelson, 1999).
However, from a theoretical perspective, two alternative approaches 
have emerged to explain the effects of FDI in emerging markets (Er-
dal and Göçer, 2015; Mahmood and Singh, 2003; Storm et al., 2005). 
The first approach concerns to how R&D carried out in leading coun-
tries may affect the productivity of indigenous firms in emerging eco-
nomies by means of trade, new investments, and technological/geo-
graphical proximity (Coe and Helpman, 1995). The second approach 
considers the association between the presence/intensity of trade 
liberalisation (imports) and FDI given that this process may increa-
se the productivity of indigenous firms (Aitken and Harrison, 1999; 
Blomstrom and Kokko, 1998; Gorg and Greenway, 2004; Markusen, 
2002). This approach also suggests that to take full advantage of FDI, 
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indigenous firms must develop some complementary technological 
capabilities to successfully adopt new technologies and innovations 
from abroad (Dahlman et al., 1987; Lall, 1992). It is important to 
mention that the process of absorbing, adapting, or developing new te-
chnologies from further R&D in emerging economies is unique to each 
country, depending on their level of economic development and degree 
of modernisation (Gerschenkron, 1962; Prados de la Escosura, 2005).
From an empirical perspective, evidence demonstrates that there is 
not apparent convergence between technologies developed in newly 
industrialised countries and technologies developed in industrialised 
countries (Kim and Lau, 1994). In fact, lessons from newly industria-
lised countries demonstrate the fallacy of the traditional laissez-faire 
approach on markets (Krugman, 1994). Instead, evidence demons-
trates that the growth of newly industrialised economies has been 
the result of sophisticated industrial and strategic trade policies that 
have promoted selective protectionism in some industries and firms 
(Krugman, 1994). In addition, some scholars have suggested the im-
portance of developing an absorptive capacity to benefit from FDI 
and technology spillovers in the case of emerging economies (Glass 
and Saggi, 1998). In the case of emerging economies, firm capacity, 
geographic location and the ownership structure of foreign firms are 
the most important variables affecting the effectiveness of technology 
spillovers among indigenous firms in these markets (Behera, 2015; 
Liang, 2017). Actually it seems that indigenous firms with previous 
R&D investment and highly educated work force are more likely to 
effectively profit from technology spillovers spilled out by multinatio-
nal enterprises (MNEs) (Blalock and Gertler, 2008).
Consequently, this paper aims to get insight on how inward FDI in 
Mexico have contributed to develop technology capabilities among 
indigenous firms after its inclusion in NAFTA in 1994. It is argued 
that Mexico’s weak national learning and innovation capacity has 
been a critical missing complement to trade liberalisation to achieve a 
higher level of performance among indigenous firms (Lederman and 
Maloney, 2006). Therefore, the questions conducting this research are 
as follows: Is there any evidence of technology capacity developments 
from inward FDI in Mexico after its inclusion in NAFTA in 1994? 
And, what were the main variables promoting the development of a 
positive technology capacity effect from inward FDI on the Mexican 
economy after 1994?
In addition to this introduction, this paper is organised into four sec-
tions. Section 2 offers a literature review of the debate on FDI and 
economic growth and development from the perspectives of the ac-
cumulation view of growth and the assimilation view of growth. This 
section also discusses the main features characterising the process of 
technology transfer across NAFTA countries. Section 3 discusses an 
econometric model to test the possibility of finding technology capa-
city developments in Mexico after 1994. Section 4 analyses the main 
findings achieved in this research. Finally, Section 5 presents some 
conclusions.
2. Literature Review
2.1. Foreign direct investment and economic growth
In the decade of the 1990s, the debate on economic growth and deve-
lopment was mainly focused on East Asian countries (Dowling, 1994; 
Krugman, 1994; Kuznets, 1994). However, in the case of emerging 
economies, this debate opened up an important discussion on the re-
lation between inward FDI, on the one hand, and economic growth 
and development, on the other. Typically, the discussion on East 
Asian countries confronted two alternative theoretical approaches 
(Mahmood and Singh, 2003): the accumulation view of growth, and 
the assimilation view of growth. The accumulation view of growth 
stressed the importance of investing in human and physical capital 
to increase economic growth (Collins and Bosworth, 1996; Young, 
1995), while the assimilation view of growth stressed the importance 
of innovation, entrepreneurship and learning to improve economic 
growth (Dahlman, 1994; Hobday, 1995; Kim, 1998; Pack and Nelson, 
1999). However, from the perspective of the accumulation view of 
growth, scholars suggested that high rates of savings and investments 
should be necessary to enable the use of technologies from abroad 
(Collins and Bosworth, 1996; Young, 1995). In contrast, from the as-
similation view of growth, researchers argued that the critical source 
of economic growth would depend on high levels of productivity sup-
ported by learning, entrepreneurship and innovation when advanced 
foreign technologies were adopted in developing countries (Dahl-
man, 1994; Hobday, 1995; Kim, 1998; Pack and Nelson, 1999). Table 
1 shows some literature in relation to these approaches.
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The accumulation view of growth thus suggested that economic ex-
pansion in emerging economies would be represented by the sum of 
two different forces (Krugman, 1994): (i) the growth in inputs (e.g. 
employment, education, physical capital, and so forth) and (ii) the 
growth in technology knowledge and management capabilities de-
velopments. However, this approach also stressed the importance 
of increasing the total factor productivity (TFP) to profit from tech-
nology advances and maintain a sustained rate of economic growth 
(Krugman, 1994). Accordingly, in the case of East Asian countries, 
factor accumulation, education improvements, high rates of inves-
tment and intersectoral transfers of labour were key factors to ex-
plain the high rates of economic growth during the 1990s (Young, 
1995). Also, from this perspective, it has been argued that physical 
and human capital accumulation have been at the basis of the theo-
retical explanation on economic growth from the accumulation view 
in developing economies (Collins and Bosworth, 1996). Accordingly, 
in the case of emerging economies, the maintenance of an open tra-
ding regime to promote higher levels of economic efficiency and a 
targeting intervention regime to boost promising successful sectors 
have been two important policies to catch up with industrialised cou-
ntries (Collins and Bosworth, 1996; Krugman, 1994; Young, 1995). 
Shortly speaking, some scholars have suggested that the high rates 
of economic growth observed in many East Asian countries during 
the 1990s were the result of exhibited range of government strate-
gies that went from extreme laissez-faire to extensive intervention 
in specific sectors (Collins and Bosworth, 1996; Krugman, 1994; 
Young, 1995). From this perspective, these researchers have found 
that productivity gains, not capital formation, was the fundamental 
explanation on economic growth in East Asian countries during the 
Table 1. Selected literature on FDI and the accumulation/assimilation view of growth
Author Variables Contribution
Collins and Bosworth (1996) Physical and human capital Accumulation view of growth. High rates of economic growth by means of sustaining high rates of saving and investment.
Dahlman (1994) Acquisition of foreign technology, domestic  technology effort, and human resource base
Assimilation view of growth. Exposure to world competition might be 
improving productivity and quality and to keep up with new technol-
ogies.
Hobday (1995) Flying geese model
Assimilation view of growth. The flying geese model underplays the sig-
nificance of other economies as a market and as a source of technology 
and investment, and it must recognise the importance and significance 
of other factors in host countries (e.g. learning, entrepreneurship and 
innovation).
Kim (1998) Tangible capital and labour
Assimilation view of growth. Economic growth as the result of the 
growth of tangible inputs, and not technical progress or the increase 
in TFP.
Krugman (1994) Employment, education and physical capital stock, technological knowledge, and TFP
Accumulation view of growth. The maintenance of an open trading re-
gime and targeted intervention regime for boosting promising success-
ful sectors to catch up with industrialised countries.
Pack and Nelson (1999) Several variables characterising both approaches of this debate
Assimilation view of growth. Economic growth as the result of major 
changes in the structure of the economy including shifts in the size of 
the firms and the sectors of specialisation. Economic growth mainly 
results from entrepreneurship, innovation, and learning.
Young (1995) Education and capital investment
Accumulation view of growth. The maintenance of an open trading regi-
me and targeted intervention regime for boosting promising successful 
sectors to catch up with industrialised countries.
Source: Authors’ elaboration.
1990s, and therefore TFP has unexpectedly played a small role to 
explain economic growth in these countries (Collins and Bosworth, 
1996; Krugman, 1994; Young, 1995).
On the other hand, the assimilation view of growth argued that eco-
nomic growth in East Asian countries during the 1990s was accom-
panied by other major changes in the structure of these economies, 
namely firm size and sector specialisation (Pack and Nelson, 1999). 
These changes allowed a superior productive assimilation of capital 
flows through mastering new technologies adopted from advanced 
industrialised countries, mainly developing entrepreneurship, inno-
vation and learning capabilities (not only investing in human and 
physical capital) (Nelson and Peck, 1999; Dahlman, 1994; Hobday, 
1995; Kim, 1998). From this perspective, the assimilation of incre-
asingly modern technologies and the possibility of other important 
changes in the industrial structure of these economies gave rise to a 
process of learning, innovation and entrepreneurial efforts that were 
critical to get a comprehensive explanation on economic growth in 
East Asian countries (Pack and Nelson, 1999). In fact, the develop-
ment of new technologies in new sectors requires the expansion of a 
new set of entrepreneurial skills and firm management capabilities to 
improve the capacity to compete in new markets (Pack and Nelson, 
1999). Accordingly, the policy environment in East Asian countries 
was critical to firms’ success as a third factor to the conventional pro-
duction function, expanding educational attainments by well-trained 
managers, engineers and applied scientists capable to provide a com-
petitive advantage to identify new opportunities and an effective 
learning process (Pack and Nelson, 1999). From this perspective, the 
possibility of developing a sustained competitive advantage among 
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indigenous firms imply an effective learning process to master new 
technologies from industrialised countries (López-Rodríguez and 
García-Rodríguez, 2005; Rodríguez et al., 2015).
In the case of NAFTA, it was said that the inclusion of Mexico in this 
agreement would enhance its economic performance through acqui-
ring new technologies from abroad. However, technology transfer 
has been unbalanced between Mexico and its commercial partners 
in North America (Lederman and Maloney, 2006; Weisbort et al., 
2014). Even if some positive results have been achieved in the case of 
Mexico, trade liberalisation and other economic policies implemen-
ted in this country during the last twenty years have not been enough 
to guarantee higher levels of economic performance (Rodríguez and 
Gómez, 2011; Weisbort et al., 2014). Actually trade liberalisation has 
been helpful but not enough to catch up with the level of technology 
progress in Canada and the United States (Lederman and Maloney, 
2006). In fact, Mexican firms need to develop an absorptive capacity 
to successfully adopt new technologies from abroad. In this sense, ab-
sorptive capacity is a function of the level and rate of change of R&D 
developed by indigenous firms (Cohen and Levinthal, 1989; Leder-
man and Maloney, 2006). In short, trade liberalisation and FDI would 
be an adequate explanation for TFP in many developing countries 
(Lederman and Maloney, 2006). Yet, some researchers have suggested 
that trade liberalisation and FDI, on the one hand, and improvements 
in the absorptive capacity and other major changes in the industrial 
structure to support learning, innovation and entrepreneurial efforts, 
on the other, have been critical to effectively achieve higher levels of 
economic growth and development in many emerging economies 
(Pack and Nelson, 1999).
2.2. Foreign direct investment and technological spillovers
The international economics theory explains how the availability of 
raw materials, tariff and non-tariff barriers, low wages, risk diversi-
fication, transportation costs, and fiscal incentives may attract FDI 
from other countries (Appleyard and Field, 2013; Krugman et al., 
2014). For example, raw materials availability may positively impact 
FDI given that MNEs take advantage from low-priced resources to 
reduce their production costs. The presence of tariffs and non-tariff 
barriers may also have a positive impact on FDI in that MNEs are 
advantageous to operate in protected local markets. In the same way, 
low wages may positively influence MNEs’ investment decisions 
when they are labour-intensive producers. In addition, MNEs decide 
to invest in foreign markets for strategic reasons to protect their mar-
ket shares. Risk diversification drives firms’ decisions to place certain 
assets of their investments in other markets as a means of protection. 
Yet, the presence of transportation costs may impact firm’s investment 
decisions given that FDI tends to replace exports as costs of transpor-
tation get higher. Finally, fiscal incentives granted by governments in 
some countries can produce an advantage to attract FDI inflows.
At a different level of analysis, some researchers have suggested that 
FDI should not be seen only as a transfer of capital to a host coun-
try, but also as a combination of capital, business organisation and 
new technology transfer (Dussel et al., 2007; Heijs, 2006). Indeed, 
the effects generated by FDI inflows on the industrial structure of a 
host country could be of two types (Olechko, 2004). First, there is 
direct effects from FDI where foreign investors do not acquire all the 
benefits from the efficiency generated by foreign investments (Heijs, 
2006; Olechko, 2004). Instead, direct effects imply the possibility of 
achieving some gains from inward FDI of a different type, such as 
higher wages for local workers, lower prices for local consumers, and 
tax revenues for local governments (Olechko, 2004). Accordingly, di-
rect effects basically refer to the fundamental role played by FDI in 
the process of economic development that allows achieving higher 
levels of modernisation in a specific productive system (Heijs, 2006). 
However, in the case of Mexico, some researchers have suggested that 
technology spillovers from FDI have contributed to improve labour 
productivity, economic growth, firms’ competitiveness, and so forth 
(Rivas-Aceves and Puebla-Méndez, 2016). Moreover, modernisation 
of the existing production capacity in emerging economies could be 
achieved through mergers and acquisitions induced by FDI, but also 
by the introduction of new forms of managing and marketing in or-
ganisations (Heijs, 2006). Therefore, the introduction of innovations 
resulting from direct effects of FDI in emerging economies will have a 
positive effect on markets through developing new sectors or revitali-
sing other existing sectors (Heijs, 2006).
Second, there are other indirect effects generated in the form of te-
chnology spillovers (Olechko, 2004). Indirect effects from inward 
FDI are based on the diffusion of knowledge and technologies 
among indigenous firms in the from technology spillovers, con-
cerning to the possibility of achieving some benefits by means of 
technology transfer, production chains, training of human resou-
rces, and local business development (Elías et al., 2006). Indirect 
effects and externalities from FDI in host countries are delivered 
in the form of new knowledge and innovation diffusion, including 
technical progress, management and development of organisational 
skills (e.g. technical, productive and commercial), as well as human 
capital and innovation capacity improvements (Elías et al., 2006). 
In this regard, there are two important explanations on the exis-
tence of technology externalities (Heijs, 2006). On the one hand, 
foreign subsidiaries entering into local markets may contribute to 
explain their expansion through developing non-existing assets and 
innovations (Heijs, 2006). On the other, inward FDI forces indige-
nous firms to adjust their strategic decisions to protect their market 
shares and profit margins (Heijs, 2006). Nevertheless, technological 
capabilities may contribute to acquire the skills needed to develop 
a path of sustained growth, mainly knowledge and skills needed to 
obtain, use, absorb, adapt, improve and generate new technologies 
(Bell and Pavitt, 1993; Lall, 1992). In short, the presence and inten-
sity of technology spillovers depend on firms’ absorptive capacity, 
as well as the level of economic development of the host country 
that allows absorbing, adapting, and improving technologies from 
abroad (Brown and Dominguez, 2004). Thus, the complexity of a 
production process, the technology used by foreign companies, the 
degree of economic development, and other domestic firms’ tech-
nological capabilities are essential to develop an absorptive capacity 
(Vera-Cruz and Dutrénit, 2007).
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Finally, the level and similarity of technological capabilities between 
indigenous firms and foreign firms become a basic condition to es-
tablish appropriate links to developing a reciprocal learning process 
(Narula, 2004). In this regard, competitive firms with superior ab-
sorptive capacity will take advantage from technological spillovers 
(Narula, 2004). Accordingly, when domestic firms are technologically 
far from foreign firms, they would be less capable of learning from 
new technologies and knowledge (Javorcik, 2002, 2004). Actually the 
process of technology spillovers requires an effective and compre-
hensive policy to provide a supporting environment for investments 
and to create adequate institutional and human capabilities (OECD, 
2008). Evidence demonstrates that in the case of Mexico, spillover 
effects have only occurred in some sectors with high levels of tech-
nological capabilities developments (Blomstrom and Pearsson, 1983; 
Brown and Dominguez, 2004).
2.3 Foreign Direct Investment in Mexico
The Foreign Direct Investment in Latin America and the Caribbean 
2015 report released by the Economic Commission for Latin America 
and the Caribbean (ECLAC, 2015) positioned Mexico as the second 
largest recipient of inward FDI in Latino America. Even if FDI in La-
tin America countries has been significantly important, it only repre-
sented a small fraction of the GDP in this region during last years. 
In the case of Mexico, for example, the manufacturing sector accou-
nted 70% of the total inward FDI (ECLAC, 2015). However, in this 
country, the total amount of net capital inflows and reinvested profits 
of transnational corporations have shown a growing trend since the 
1990’s (Figure 1) (ECLAC, 2015).
country ($12.87 billion dollars). Fourth, financial services in Mexico 
received approximately one third of total FDI inflows in 2014 being 
the dominant sector in this country in relation to the total investment 
received from abroad. Finally, financial services represent 25% of the 
total FDI in this country (ECLAC, 2015). In short, data of FDI in-
flows in Mexico shows the importance of foreign investment in the 
automotive, financial services and natural resources sectors (ECLAC, 
2015).
Figure 1. Mexico Inward FDI, 1980 - 2015
Figure 2. Latin America Inward FDI by Country, 2001 - 2014
Figure 3. Mexico Inward FDI by Country of Origin, 2006 - 2014
In the case of Latin America countries, Brazil, Chile and Mexico have 
been the most important recipients of inward FDI in the last decades 
(Figure 2). Specifically, in the case of Mexico, the Foreign Direct In-
vestment in Latin America and the Caribbean 2015 report mentions 
that FDI inflows in this country have been more important during 
the lately past years than in the previous decade of the 1990s (ECLAC, 
2015). However, some stylised facts characterising FDI inflows in 
Mexico can be established (ECLAC, 2015). First, Mexico was one of 
the most important recipients of FDI inflows in this region during the 
last years. Second, FDI inflows in this country accounted more than 
$40,000 dollars in 2013, and more than $25,000 dollars in 2014. Third, 
the automotive industry in Mexico was the largest FDI recipient in 
2014, absorbing $4,308 billion dollars of the total investment in this 
On the other hand, evidence demonstrates that the United States re-
mains the largest foreign investor in Mexico, accounting more than 
30% of the total FDI inflows in this country during the last years. 
Actually the United States invested in Mexico more than in the pre-
vious decade and the two-year average inward of FDI ever recorded 
in this country (Figure 3). It is important to mention that Spain, the 
Netherlands, Belgium, Canada, Germany and Japan are also impor-
tant foreign investors in Mexico (ECLAC, 2015).
The importance of FDI in emerging economies should continue spi-
lling over indigenous firms, bringing technology advancements into 
firms. In the case of Mexico, foreign investment mostly concerns to 
greenfield projects which create or expand the production capacity. 
In this case, FDI inflows generate different impacts on the economy. 
However, in the case of this country, not all FDI is invested in high-
tech manufacturing sectors, limiting the potential of transferring 
knowledge for improving the local technology capacity.
According to the ECLAC report (ECLAC, 2015), the main trends of 
FDI in Latin America countries will remain stable in the next years. 
Yet, the political facts recently observed in the United States may 
change these trends in the case of Latin America countries in general, 
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and particularly in the case of Mexico. Importantly, outflow FDI from 
emerging countries has been recognised as an important source of 
investments in other developing and developed economies during the 
last years. For instance, twenty of the largest mergers and acquisitions 
carried out by Latin America firms originated in Mexico (ECLAC, 
2015).
From a different perspective, scholars have analysed the possibility of 
finding technology spillovers from inward FDI in the case of emer-
ging economies. The case of Mexico has been studied by many scho-
lars (Jordan, 2011; Lederman and Maloney, 2006; Rodríguez-Pose 
and Villarreal-Peralta, 2015; Romo, 2005). Jordan (2011), for exam-
ple, finds substantial evidence of FDI impact on higher levels of local 
dynamics markets, depending on the level of the absorptive capacity 
of suppliers, the size of the technology gap between producer and 
suppliers, and the provision of producer firms. Lederman and Malo-
ney (2006) mention that trade liberalisation and NAFTA have been 
helpful, but not enough to help Mexico catching up with the level of 
technological progress in the United States and Canada. Rodríguez-
Pose and Villarreal-Peralta (2015) analyse the possibility of finding 
technological spillovers across 32 states of Mexico, stressing the im-
portance of the relationship between regional economic growth and 
R&D investment in areas with favourable social conditions for inno-
vation. Finally, Romo (2005) analyses FDI as an engine to boost eco-
nomic development. In fact, this author pointes out the importance 
of inward FDI in the case of emerging economies as a mechanism to 
acquire new technologies from abroad.
3. The Model
Data from Encuesta Nacional de Empleo, Salarios, Tecnología y Ca-
pacitación en el Sector Manufacturero (National Survey of Employ-
ment, Salaries, Technology and Training in the Manufacturing Sector, 
ENESTYC) and Encuesta sobre Investigación y Desarrollo de Tecnolo-
gía (Survey of Investment and Technology Development, ESIDET) 
released by Instituto Nacional de Estadística y Geografía (National 
Institute for Statistics and Geography, INEGI) are used to test the 
hypotheses in this research. The dependent variable, Technology Ca-
pacity Index (TCI), in Model 1 and Model 2 aims to capture the pos-
sibility of finding evidence of technology capacity developments from 
inward FDI in Mexico. However, other variables are also included in 
these models to test evidence of technology capacity developments in 
the case of the Mexican manufacturing sector.
The independent variables in Model 1 are Foreign Direct Investment 
(FDI), Exports (XS), Large and Medium Size Firms (LMF), Small Size 
Firms (SF), Age of Firms with 15 years or less in Markets (E1), and 
Age of Firms between 15 and 25 Years in Markets (E2). On the other 
hand, the independent variables in Model 2 are Foreign Direct In-
vestment (FDI), Exports (XS), Innovation (INN), Research and De-
velopment (R&D), and Introduction of New Processes (PR). Accor-
dingly, seven hypotheses were established in this research to test the 
presence of technology capacity developments in Mexico. Hypothesis 
1 and Hypothesis 2 aim to capture the importance of FDI to deve-
lop technology capabilities in the manufacturing sector of Mexico 
(Mahmood and Singh, 2003). However, this process is developed 
through the association between the presence/intensity of FDI and 
trade liberalisation, on the one hand, and productivity of receiving 
firms/importing firms, on the other (Aitken and Harrison, 1999; 
Blomström and Kokko, 1998; Blomström and Persson, 1983; Gorg 
and Greenway, 2004; Markusen, 2002). From the same theoretical 
perspective, other studies identify the link between innovation and 
exports to explain the development of firms’ competitiveness in the 
case of emerging economies (Enjolras et al., 2016). Therefore, in the 
case of Mexico, the following two hypotheses can be established in 
the case of Mexico:
Hypothesis 1: Increases in FDI inflows may positively explain the 
presence of technology capabilities developments in Mexico (β1>0).
Hypothesis 2: The diffusion of new technologies that increases ex-
ports competitiveness may positively explain the presence of tech-
nology capabilities developments in Mexico (β2>0).
From the perspective of the assimilation view of growth, however, 
major changes in the structure of industries in emerging economies 
should facilitate the assimilation of new technologies from abroad. 
In this case, the main variables allowing these changes are firm size 
and sector specialisation (Pack and Nelson, 1999). Indeed, this idea 
suggests that firm evolution from a small size to a large size would be 
an indicator of this kind of changes. This argument is Schumpeterian 
in nature given that Schumpeter’s idea on innovation is associated to 
a two-step evolving process (Fontana et al., 2012; Gómez and Rodrí-
guez, 2012; Malerba, 2005): Schumpeter Mark I pattern (1934) and 
Schumpeter Mark II pattern (1942). Schumpeter Mark I considers 
that small firms are more innovative than large firms. In fact, Schum-
peter Mark I industries are characterised by a turbulent environment 
with relatively low entry barriers (Fontana et al., 2012). Accordingly, 
firms in Schumpeter Mark I are more flexible to adapt to changing 
turbulent environments through a ‘creative destruction’ process with 
successful innovating entrants that replace incumbent firms (Fontana 
et al., 2012; Malerba, 2005; Narula, 2004). By contrast, Schumpeter 
Mark II industries suggests a stable environment with relatively high 
entry barriers in which innovations are generated and developed by 
large established firms (Fontana et al., 2012; Narula, 2004). In this 
sense, an oligopolistic market structure with large established firms 
and important R&D activity characterises Schumpeter Mark II as 
the main source of innovation and technology change. In Schumpe-
ter Mark II industry technological competition assumes the form of 
‘creative accumulation’ with incumbent firms introducing innovation 
developments (Fontana et al., 2012; Malerba, 2005). As a result, two 
other hypotheses can be established in the case of Mexico:
Hypothesis 3a: The existence of large and medium size firms may 
positively explain the presence of technology capabilities develop-
ments in Mexico (β3>0).
Hypothesis 3b: The existence of small size firms may positively (or 
not) explain the presence of technology capabilities developments 
in Mexico (β4>0?).
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In this way, it is expected that younger firms will be more innova-
tive that older firms. The fact is that younger firms are more dispo-
sal to adapt or create new markets by developing innovations. Ne-
vertheless, some scholars have suggested that older firms are more 
innovative than younger firms in that older firms are associated to 
resources availability for R&D (Savino and Petruzzelli, 2012; Withers 
et al., 2011; Noordin and Mohtar, 2014). However, there is not strong 
evidence that support this proposition (Noordin and Mohtar, 2014). 
Therefore, the following two hypotheses can be stated in the case of 
Mexico:
Hypothesis 4a: Firms with 15 years or less in markets may positi-
vely explain the presence of technology capabilities developments 
in Mexico (β5>0).
Hypothesis 4b: Firms with more than 15 years in markets may 
negatively explain the presence of technology capabilities develop-
ments in Mexico (β6<0).
In addition, data from the Survey of Investment and Technology De-
velopment (ESIDET) allows testing other three hypotheses. Model 2 
uses data on innovation developments, R&D spending, and introduc-
tion of new processes to test these hypotheses. However, these varia-
bles may confirm the presence of technology capacity developments 
that may be spilling over the rest of the economy. Indeed, Model 2 
tests the presence of technology capabilities in relation to the efforts 
carried out by firms to develop innovations, and thus the following 
three hypotheses can be established in the case of Mexico:
Hypothesis 5: The development of innovations may positively ex-
plain the presence of technology capabilities developments in Mexico 
(β7>0).
Hypothesis 6: Firm spending in R&D may positively explain the 
presence of technology capabilities developments in Mexico (β8>0).
Hypothesis 7: The introduction of new processes into firms’ pro-
duction systems may positively explain the presence of technology 
capabilities developments in Mexico (β9>0).
Ordinary least squares (OLS) are used to compute Model 1 and Mo-
del 2. Specifically, pooled OLS are applied to test changes over time 
between explanatory and dependent variables. The matrix approach 
used in this research allows establishing the estimation procedure as 
follows:
 
Yi in this equation is a vector of the dependent variable, Zi is a ma-
trix of explanatory variables, and εi is a vector of errors in the model. 
The estimators in this equation are estimated applying pooled OLS 
methods. Therefore, the estimators can be represented as follows:
Accordingly, it would be possible to establish a more precisely rela-
tionship between the relations evaluated in these models when chan-
ges in the variables result from time passing (Ezequiel, 2013; Hu-
mérez, 2013). The objective is thus to test the possibility of finding a 
relationship between inward FDI and technology capacity develop-
ments in the manufacturing sector of Mexico, as well as other varia-
bles included in the models. The models estimated in this research are 
cross-sectional with i = 9 sectors, and t = 1992, 1995, 1999, 2001, 2005 
and 2012. In this regard, Model 1 is estimated as follows:
Table 2 shows the variables of Model 1. The dependent variable in this 
model, Technology Capacity Index (TCI), depends on the indepen-
dent variables Foreign Direct Investment (FDI), Exports (XS), num-
ber of Large and Medium Size Firms (LMF), number of Small Firms 
(SF), number of firms with 15 years or less in the market (E1), and 
number of firms between 15 and 25 years in the market (E2).




Logarithm of the technology 
capacity index.
Foreign Direct Investment FDI Percentage of foreign capital to total capital of the firm.
Exports XS Logarithm of foreign sales.
Large and Medium Size 
Firms LMF
Logarithm of the number of 
large and medium size firms.
Small Size Firms SF Logarithm of the number small firms.
Age of Firms with 15 
Years or Less in Markets E1
Logarithm of the number of 
firms that have 15 years or less 
in the market.
Age of Firms between 15 
and 25 Years in Markets E2
Logarithm of the number of 
firms that have between 15 and 
25 years in the market.
On the other hand, Table 3 shows how the dependent variable, Tech-
nology Capacity Index (TCI), is computed. Indeed, the Technology 
Capacity Index (TCI) comprises three different set of variables drawn 
from the ENESTYC: (i) learning and investment, (ii) production, and 
(iii) linkage with other firms. In this case, dimensions, units and va-
lues are defined for each set of variables (Table 3).
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Table 3. Model 1: Technology Capacity Index (TCI) in the Mexican manufacturing sector (ENESTYC)
Set of Variables Variable Dimensions Unit Value
Learning and Investment
Transfer of technology from the parent firm.
Acquisition of new technologies from other firms.
Acquisition of blueprints and advice from other sources.
Resources invested for R&D.
Activity sub-sector: big, medium, small, and micro.
Percentage
0 = None
1 = 0.1 to 2.0
2 = 2.0 to 3.9
3 = 4.0 or more
Production
Number of units with new machinery and equipment: 
manual equipment, automatic equipment, machinery, 
machinery and tools with numeric control, computer 
machinery and tools, and robots.
R&D investment: new products design, improvement 
of production process and product quality, design and 
improvement of machinery and equipment.
Percentage
0 = None
1 = 0.1 to 2.0
2 = 2.0 to 3.9
3 = 4.0 or more
Linking with other Firms




1 = 0.1 to 2.0
2 = 2.0 to 3.9
3 = 4.0 or more
Source: Adapted from Brown and Domínguez (2004), and Pérez and Pérez (2009).
It is important to mention that ENESTYC is not applied since 2012. 
In its place, ESIDET was applied in 2012. However, both surveys 
allow getting data on technology and innovation activity in the ma-
nufacturing sector of Mexico. Nevertheless, the change in the source 
of information implies the need to estimate a new model:
 
In Model 2, variables were defined searching to reflect the level of 
technological developments in the manufacturing sector of Mexico 
accordingly to the taxonomy proposed by Lall (1992), Brown and Do-
mínguez (2004), Pérez and Pérez (2009), and others.








Percentage of foreign capital to 
total capital of the firm.
Exports XS Logarithm of foreign sales.
Innovation INN Number of firms developing innovations.
Research and De-
velopment R&D




Number of firms introducing 
new processes into their produc-
tion systems.
As in Model 1, the Technology Capacity Index (TCI) in Model 2 is 
considered as the dependent variable (Table 3), and then FDI, Ex-
ports (XS), Innovation (INN), Research and Development (R&D) 
and Introduction of New Processes (PR) as the independent variables 
(Table 4).
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Table 5. Model 2: Technology Capacity Index (TCI) in the Mexican manufacturing sector (ESIDET)
Set of Variables Variable Dimensions Unit Value
Learning and Investment
Extramural R&D investment in technology development.
Intramural R&D investment in technology development.
Intramural R&D investment in new products development.
Firms’ spending in human resources training (higher education graduate programs).
Firms’ spending in human resources training (R&D technology developments).
Spending in technology services. 
Number of firms acquiring new technologies for improving their production capac-
ity and/or acquiring new machinery and equipment for improving their production 
processes and/or absorbing new technologies and/or adapting new technologies for 
improving their levels of efficiency and/or developing their own technologies and/or 
patenting new products or technologies and/or patenting new products and technolo-
gies for their own use and/or patenting new technologies for licensing.
Percentage
0 = None
1 = 1 to 10
2 = 10 to 30
3 = 30 or more
Production
Firms’ researchers and technologists developing intramural R&D projects.
Firms’ technicians developing intramural R&D projects.
Firms’ management personal supporting intramural R&D projects.
Firms’ management personal supporting extramural R&D projects.
Firms’ personal supporting human resources training at higher education level.
Firms’ personal trained for specialised technical tasks.
Percentage
0 = None
1 = 1 to 10
2 = 10 to 30
3 = 30 or more
Source: Adapted from Brown and Domínguez (2004), and Pérez and Pérez (2009).
In the same way, as in Model 1, Table 5 shows how the dependent va-
riable, Technology Capacity Index (TCI), is computed following the 
methodology proposed by Brown and Domínguez (2004), Pérez and 
Pérez (2009), and others.
Results
The research methods used in these models are like those develo-
ped by Brown and Domínguez (2004) and Pérez and Pérez (2009), 
among others. Yet, some other studies analyse the case of Mexico, 
such as Armas (2017), Brown and Domínguez (2004), Brown and 
Guzmán (2014), Jordan (2011), Pérez and Pérez (2009), Rodríguez 
and Gómez (2011), Rodríguez-Pose and Villarreal-Peralta (2015), 
and Romo (2005). However, in this research, the TCI of the Mexican 
manufacturing sector was computed by means of using the taxo-
nomy proposed by Lall (1992), and Bell and Pavitt (1993). Two pa-
nel data regression models were estimated using cross-sectional and 
time series data (i = 9 and t = 1992, 1995, 1999, 2001, 2005, 2012). 
The models were tested for normality and homoscedasticity (White 
Test) to find out whether errors were homoscedastic and norma-
lly distributed (White, 1980). The analysis discussed in this section 
allows the possibility of finding technology capacity developments 
within the Mexican manufacturing sector.
Model 1 tests Hypotheses 1 – 4. The values of Adjusted R2 = 0.8990 
and F-statistic = 66.31 validate the results achieved in this model 
(Table 6). As predicted by Hypothesis 1, the variable FDI is positi-
ve and significant. Importantly, this unexpected result achieved in 
Model 1 suggests that FDI in Mexico have been less important to 
explain TCI developments in this country. In the same way, FDI in 
Model 2 is positive and no significant, and thus the null hypothesis 
(β1 = 0) cannot be rejected (t-statistic = 1.26). This finding supports 
the idea that FDI and trade liberalisation in Mexico have not been 
enough to catch up with its North America commercial partners 
(Lederman and Maloney, 2006). In fact, this result also supports 
the idea that the assimilation view of growth should be an adequate 
theoretical explanation to explain this possibility only if FDI and 
trade liberalisation are accompanied by learning, entrepreneurship 
and innovation developments (Dahlman, 1994; Hobday, 1995; Kim, 
1998; Pack and Nelson, 1999). In this regard, further results achie-
ved in Model 2 will demonstrate the importance of innovation de-
velopments, R&D spending, and the process of incorporating new 
process by indigenous firms to develop higher levels of technology 
capacity in the manufacturing sector of Mexico.
Hypothesis 2 in Model 1 (and Model 2) suggests that the diffusion 
of new technologies increases exports competitiveness and thus the 
development of technology capabilities in the manufacturing sec-
tor of Mexico (Enjolras et al., 2016; Erdal and Göçer, 2015). In this 
case, the variable XS is positive and significant, and thus the null 
hypothesis (β2 = 0) can be rejected (t-statistic = 5.91). In Model 2, 
the null hypothesis is rejected (t-statistic = 2.95) in favour of the 
alternative hypothesis that explain the development of technology 
capabilities in this country when indigenous firms can learn and get 
new knowledge in foreign markets to locally accumulate technology 
capabilities becoming more competitive in international markets.
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Adjusted R2 0.8990 0.7426
F-statistic 66.31 14.27
Hypothesis 3a and Hypothesis 3b test the Schumpeterian idea on the 
nature of innovation as a two-step evolving process (Schumpeter, 1934, 
1942). The t-statistic in the case of LMF (t-statistic = 5.34) allows rejec-
ting the null hypothesis (β3=0) in favour of the alternative hypothesis, 
and suggesting that LMF is significant to explain the development of 
technology capabilities in the manufacturing sector of Mexico. In the 
same way, the t-statistic in the case of SF (t-statistic = -3.11) allows re-
jecting the null hypothesis (β4=0) in favour of the alternative hypothesis 
that explain SF significant to the development of technology capabili-
ties in the Mexican manufacturing sector. Nevertheless, a negative sign 
is obtained in the case of the variable SF in contrast to the case of the va-
riable LMF. This finding suggests that small size firms in the manufac-
turing sector of Mexico are less disposal to innovate in relation to large 
and medium size firms, hypothesis already suggested by Schumpeter 
(Mark II characterised by stable oligopolistic markets and high entry 
barriers) (Schumpeter, 1942). Therefore, in the case of LMF, firm size 
has a positive impact on TCI through the development of absorptive 
capabilities and R&D spending to advance new technologies. Impor-
tantly, in the case of Mexico, the negative sign in the case of variable SF 
may suggest that small size firms are less capable of developing innova-
tions, and thus they only imitate technology developments carried out 
by large and medium size firms.
Hypothesis 4a and Hypothesis 4b aims to capture the idea that older 
firms contribute more to develop technology capabilities. The varia-
ble E1 is positive and significant and thus the null hypothesis (β5=0) 
can be rejected (t-statistic = 4.73). Nevertheless, the variable E2 is ne-
gative and no significant, and thus the null hypothesis (β6=0) cannot 
be rejected (t-statistic = -1.46). This finding is against the expected 
results suggesting that mature firms would be more innovative, and 
thus they contribute more to develop technology capabilities.
On the other hand, Hypotheses 5 – 7 were tested in Model 2. The 
values of Adjusted R2 = 0.7426 and F-statistic = 14.27 validate the 
results achieved in this model (Table 6). However, the results achie-
ved in Model 2 are not conclusive. As already mentioned in Model 
1, the variable XS shows a positive sign suggesting that trade libe-
ralisation positively impact the development of technology capacity 
(TCI) through competition given that this effect improves firms’ ab-
sorptive capacity for acquiring new technologies from abroad (En-
jolras et al., 2016; Erdal and Göçer, 2015). As expected, Hypothesis 
5 aims to capture the idea that innovation developments contribu-
te to explain technology advances in the manufacturing sector of 
Mexico. In Model 2, the variable (INN) shows a positive sign su-
ggesting that the process of innovation developments improve firms’ 
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absorptive capabilities, and thus the null hypothesis (β7=0) can be rejected 
(t-statistic = 2.93) in favour of the alternative hypothesis that explain 
INN as a source of technology capabilities developments in the Mexi-
can manufacturing sector.
Hypothesis 6, the number of firms developing R&D projects, is po-
sitive and significant (t-statistic = 2.69) in relation to the dependent 
variable Technology Capacity Index (TCI). This result allows rejec-
ting the null hypothesis (β8=0) in favour of the alternative hypothesis. 
Finally, Hypothesis 7, the number of firms introducing new processes 
into their production systems (PR) shows a positive and significant 
value (t-statistic = 2.52) in relation to the dependent variable TCI, 
suggesting that firms generate new knowledge when applying new 
process into their production systems.
Conclusions
The literature on the development of technology capacity, technolo-
gy spillovers, and inward FDI has traditionally been focused on the 
importance of technology transfer as a mechanism to catch up and 
develop a more competitive economy. In the case of Mexico, these 
analyses aim to identify the existence of technology spillovers from 
FDI to improve economic performance of national industries by 
means of using technologies and processes from abroad. It is argued 
that the presence of FDI has not been enough to close the technology 
gap between Mexico and other North American countries (Lederman 
and Maloney, 2006). Even if the results achieved in this research de-
monstrate the importance of FDI and the development of technology 
capabilities from multinational corporations, these results also de-
monstrate that technology spillovers have not spilled over the rest of 
the manufacturing sector in Mexico. Indeed, FDI in this country has 
only contributed to develop technological capabilities in sectors whe-
re multinational companies are established (e.g. highly specialised 
and knowledge-based industries). From this perspective, NAFTA has 
not generated the results expected in Mexico. Even more NAFTA has 
deepened the technological gap between Mexico and its commercial 
partners in North America.
On the other hand, the results achieved in this research support the 
idea that the assimilation view of growth is an adequate theoretical 
explanation to understand the low level of performance in the Mexi-
can economy during the last years. In this sense, evidence suggests 
that the presence of FDI and MNEs in Mexico is not accompanied by 
innovation, entrepreneurship and learning developments. Moreover, 
these results also suggest that FDI in Mexico is only positively related 
to training and collaboration effects. Therefore, policy implications 
from this research suggest the importance of developing an absorpti-
ve capacity among indigenous firms in Mexico to successfully assimi-
late external knowledge and technologies from abroad.
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